Different kinds of gas discharges are being used for large volume steady state plasma generation. They are various glow, radio frequency, microwave, and others. PIII&D technology requires creation of dense (of order 10'o-lO'l cm-') uniform plasma of up to several m' in volume providing high energy and gas efficiency, reliability in a presence of reactive gases and/or high metal iodatom fluxes. To meet collisionless sheath and proper surface treatment environment conditions low-pressure plasma is preferable.
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Comparative analysis of plasma parameters and performance for hot cathode DC and inductively coupled 13.56 MHz RF discharges has been carried out. Both discharges were sustained in the same 1 8-liter cylindrical processing chamber of the self developed 30 kV experimental PIII&D facility. High emission impregnated cathodes had been used in case of dc discharge. Inductive coupling for RF discharge had been provided using a internal two-half-turn antenna, coated with AllO,. Different operating modes were tested including in situ sputter deposition with simultaneous implantation. Effects of degradation of cathode emission due to coating and contamination of deposited films with cathode impregnated materials and antenna coating have been analyzed. Results are being use in design of 120 kV, lm' PIII&D facility which is under developing now. Plasma immersion ion implantation (piii) is a technology used to modify material surface properties. By repetitively applying negative high-voltage bias pulses to the substrate, ions are extracted from the plasma, accelerated across the high voltage sheath and implanted into the substrate. The accumulated ion implantation dose for this technique depends upon the ion current drawn by the substrate, which is determined by the sheath expansion during the pulse. We have carried out some measurements of ion saturation current in piii using a filtered vacuum arc metal plasma source. The vacuum arc plasma jet is characterized by its spatial non-uniformity and high ion drift velocity. In order to investigate these effects we have placed the substrate at various distances from the source exit plane and various angles with respect to the jet streaming direction. The bias pulse was up to -8 kV. We found that the ion saturation current increases with applied voltage. We have also measured the dependence of ion saturation current on the angular target position with respect to the plasma stream. A model was developed for the sheath expansion in a non-uniform plasma with substantial drift velocity. We find that generally the nonuniformity and high drift velocity lead to a decrease in the sheath thickness. In a non-uniform plasma, the ion saturation current increases with applied voltage. Predictions of our model were found to be in agreement with experiment. 
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